The number of loci which are potentially able to produce sterility genes was estimated for Drosophila melanogaster. There appear to be, on the second chromosome, about 80 loci capable of producing male sterility and about 60 loci capable of producing female sterility. These figures seem to be considerably less than (400-500) loci responsible for lethal genes.
INTRODUCTION
Frequencies of recessive lethals, male-steriles and female-steriles on the second chromosomes in natural and cage populations of Drosophila melanogaster have been found to be roughly in a 4:2:1 ratio (Oshima & Watanabe, 1973; Watanabe, Watanabe & Oshima, 1976) . These results suggest that either (1) sterile mutation rate per locus is lower than lethal mutation rate, though the number of loci capable of producing lethals and that of loci responsible for steriles are roughly equal; or (2) the number of potentially sterile loci is less than the number of lethal loci, though the mutation rate per locus is approximately the same for the two kinds of loci; or (3) selection against sterility genes, especially female-sterility genes, is stronger than against lethal genes, and therefore sterility genes are eliminated more quickly and kept at a low frequency.
Recently, chemical mutagens such as EMS have been used for induction of sterile mutations in Drosophila. Using this method, Gans, Audit & Masson (1975) have estimated a total of 150 sex-linked female sterile loci including the temperaturesensitive mutations. If we use this result to extrapolate to the sterile loci on the second chromosome, we should expect there to be about 150 x 2 = 300 loci capable of mutating to sterility since the second chromosome is about twice the length of the X chromosome. On the other hand, using a different method, Watanabe (1977) has estimated the number to be less than 80-100 for the second chromosome.
The present paper is an attempt to provide a better and more reliable estimate of the sterile mutation rate. The numbers of potentially sterile loci are also estimated.
MATERIALS AND METHODS
Two second chromosome lines were used for induction of lethal and sterility genes by EMS. One was a male-sterile line (item 7 in Table 1 ) which had no lethal and female-sterility genes but had a recessive male-sterility gene. Another was a female-o 00 from each line were crossed to five Oregon-R males. If no larvae could be found from the cross, the tested chromosome was regarded as carrying a female-sterility gene.
The test for male-sterility in the treated female-sterile lines was performed by crossing with Oregon-R virgin females in a similar way. One hundred second chromosomes carrying no lethal and no sterility gene were isolated from a cage population. They were individually balanced with Cy chromosomes and each line was maintained by crossing a single heterozygous male ( + jCy) to Cy/Pm females in every generation. Recessive mutations such as lethal, malesterility and female-sterility genes were accumulated in each second chromosome for 13 generations. The spontaneous lethal or sterile mutations were detected by the method described above. The number of tests in this case was expressed as chromosome-generations, that is the product of the number of chromosomes tested in homozygous condition and the number of generations these had been allowed to accumulate mutations (item 14 in Table 1 ).
All experiments were carried out at 25 °C with the standard cornmeal, agar, molasses and yeast medium.
RESULTS AND DISCUSSION
The frequencies of induced and spontaneous sterility mutations as well as lethal mutations are shown in Table 1 , together with some data from published literature. The frequency of steriles shown in the table was calculated as the frequency of steriles among non-lethal chromosomes tested (K). When the actual number of chromosomes {N) was not available from the literature, it was calculated from the lethal frequency (I) and non-lethal chromosomes (K) as follows, N = Kj(l -l). The mutagenic strength of the chemical treatment differed to some extent between experiments, and treated chromosomes. However, if mutations to lethality and sterility are compared within each experiment and presented as relative mutation ratios, these values are useful for estimating the standard mutation rate of sterility genes. To standardize the mutagenic effects of various mutagens on various chromosomes (involving the X, II, III chromosomes), the frequency of male-sterile (d m ) or female-sterile chromosomes (d f ) was divided by the frequency of lethal chromosomes (I) in each experiment. Although the ratios d m /l ( = y m ) or d f jl ( = y f ) are variable among experiments, they are apparently smaller than 1. That is, the sterility mutation rate per chromosome is less than the lethal mutation rate.
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\i: A statistical method of treating this kind of data is given in the Appendix by .'Avery Beriotl. According to the statistics, the weighted mean ratio which is also a maximum likelihood estimate is 0-153 + 0-0066 for d m jl ratio and 0-115 + 0-0062 for dfjl ratio. If we assume the underlying assumptions imposed in the statistical theory, these values of the two ratios (d m jl and d f /l) appear to be significantly different, and both types of sterile mutation seem to occur at different rate. It also appears to be that values of d m \l (or d f /l) ratio may be significantly different among different experiments. However, before we can reach a definite conclusion, we must be certain that the distribution of the ratios is approximately normal. Although it may be revised later with more data, these weighted mean ratios are useful in an attempt to estimate the number of loci capable of producing sterile mutation.
If we suppose that sterile and lethal mutations per locus occur approximately at the same rate, and if the number (N t ) of loci capable of producing lethals is known, the number (N s ) of loci which are able to have sterile can be calculated :
Indeed Wallace (1950) and Ives (1945) estimated the number of potentially lethal loci on the second chromosome of D. melanogaster to be 400-500. These values have been confirmed by various other methods, and are reliable. Therefore if we assume the same rate for lethals and steriles, and if the number of lethal producing loci is 500, the number of potentially male-sterile loci is 500 x 0-153 = 76-5 and that of female-sterile loci 500 x 0-115 = 57-5.
We thank Dr Takeo Maruyama for his critical reading of the manuscript. We also thank Dr P. J. Avery for his kind derivation of the formulae in the Appendix. In the special case, when all N individuals can be scored both for lethality and sterility, the mathematics simplifies as there are now two independent binomial samplings of size N. Only the variance of d changes, however, and by using the same approximate Taylor's expansion formula
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For all values of the parameters (A 2) yields a smaller variance than (A 1), as you would expect, as more information is now available (i.e. number which are both lethal and sterile).
In the practical situation, we have several different readings for y (y a , y 2 , ...y n , say) and we wish to know if they are significantly different from each other and, if not, what our best estimate for y is. y has a complicated distribution but, by making a few assumptions, we can get some simple results. Let us assume that the y/s have the same mean, /i say. However they will have different variances as p x and p will be different in different experiments. Let the var (y f ) = a\. Then, if we assume that the y/s are approximately normally distributed, the maximum likelihood estimate for fi (p,, say) is given bŷ This is also the best linear estimate for all distributions of y and thus this is a 'good' estimator. It is also unbiased (i.e. E(p.) = /i) and its variance is S 1/o-f p 1 . In
